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HLA-DR, HLA-DQ, and TAP genes in familial Hodgkin disease
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The HLA region has long been implicated
in sporadic and familial Hodgkin disease
(HD), with recent case-control studies
suggesting that HLA class Il loci predis-
pose to sporadic nodular sclerosis HD
(NSHD). To determine whether this predis-
position extends to familial HD, HLA class
Il loci (DRB1, DQA1, DQB1, DRB3, DRB4,
and DRB5) and transporter associated

with antigen processing (TAP) loci (TAP1,
TAP2) were investigated in 100 members
of 16 families with at least 2 confirmed
cases of HD. With the use of the transmis-
sion disequilibrium test, evidence for link-
age disequilibrium with familial HD and,
in particular, familial NSHD was obtained for
the DRB1*1501-DQA1*0102-DQB1*0602 hap-
lotype, the TAP1 allele encoding lle at resi-

due 333, and the DRB5-0101 allele. These 3
markers were in linkage disequilibrium and
may not represent independent susceptibil-
ity regions. Use of a family-based approach
excludes population stratification as an ex-
planation for these findings. (Blood. 2002;
99:690-693)
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Introduction

The etiology of Hodgkin disease (HD) is largely unknown anéamilial HD. We tested for linkage disequilibrium with familial HD
probably involves both environmental and genetic factors. Ferragsd, in particular, with familial NSHD.

et al estimate that 4.5% of HD cases occur as familial HD.

Although considerable evidence exists supporting a chronic infec
tious process due to Epstein-Barr virus (EBV) in RIEBV- .
encoded RNA has been detected in only approximately 27% %Udy design

tumors from familial HD case%? and the association is weakestgpjgcts

with nodular sclerosis HD (NSHD), the HD subtype overrepre-

sented among young adults and familial css&dore importantly, Sixteen white families with at least 2 members with histologically

within families there is no excess concordance of the EBV status §"I"™med HP (9 sibling pairs; 4 parent-child pairs; 1 sibling-sibling-parent
.trio; 1 sibling-sibling-cousin trio; and 1 cousin-cousin-uncle trio) were

tur_nors‘."5 In contra;t, ar_l elev?ted _rISk of HD ampng monOZygongscertained through self-referral or physician referral to the National Cancer
twins compared with dizygotic twins of HD patieftsuggests a |hgiitute between 1978 and 1993. Thirteen of these families had been
role for shared genetic factors in familial HD. studied previously in relation to HLA class | haplotypesr EBV.® Four

The HLA class | region on chromosome 6 (particularly the B5atients were excluded because they did not provide a blood sample for
B8, B18, and Al alleles) has been weakly but consistentenetic analysis. The present analysis included 28 affected members (23
associated with both sporadic and familial ¥#.In familial HD, NSHD, 5 non-NSHD) with at least one parent available for genotyping; 3
60% to 70% of cases of which may be linked to this redithere affected family members (all non-NSHD) with both parental genotypes

is significant HLA class | haplotype sharing among aﬁecteannown;and 69 unaffected family members (27 parents, 33 full siblings, 7

L . If-siblings, and 2 ts of half-sibli . The 28 affected b ith
individuals!-*3More recent evidence suggests a role of HLA cla: GAI-SIVNGS, and £ parents ot hatl-s! Ings). The 28 affected members wi

. . ? . . 5 nown parental genotypes (17 male, 11 female) were first diagnosed with
Il antigens. The DPB1*0301 allele was implicated in F3?but 5 4t 4 mean age of 24 years (range: 6-40 years). HD diagnoses were

an analysis of multiple HLA class Il loci (eg, DRB1, DQAL, confirmed by review of histologic specimens (20 of 35 patients, 57.1%) or
DQB1, and DPB1) discounted an independent role of DPFB1 original pathology reports if histologic material was unavailable. The study
Klitz et al'® conducted a case-unrelated control study and reportedtocol was approved by the National Institutes of Health Institutional
that NSHD (but not other histologic subtypes) is positiveljreview Board, and subjects or their parent/guardian gave informed consent
associated with the DRB1*1501, DQB1*0602, and DRB1*110# participate.

alleles and negatively associated with the DRB1*1601, DRB1*0404,

and DQB1*0303 alleles. They concluded that susceptibility tALA class Il and TAP genotyping

NSHD was probably due to several HLA class Il loci, includingb . . I
d h h be-identified loci NA was isolated from frozen lymphocytes by proteinase K digestion and
DRB1, DQBL, and perhaps other, yet-to-be-identified loci. phenol-chloroform extraction, followed by ethanol precipitation. The

We investigated whether alleles at HLA class Il loci (DQA1gingle-strand conformational polymorphism assays used to determine
DQB1, DRB1, DRB3, DRB4, DRB5) and transporter associateglibjects’ genotypes have been described for D&ZARQB117 DRB1 8
with antigen processing (TAP) loci (TAP1 and TAP2) play a role ibRD3,'®¢ DRB4 18 DRB5,8 TAP1® and TAP2!° The individual DRB1
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alleles within the DR13 and DR14 groups (serogroups or lineages) were QAL loci are in tight linkage disequilibriurf? and the observed

subtyped at the allele level. effect could not be localized to a single gene. All cases with the
o ) DRB1*1501 and DQB1*0602 alleles had the DRB1*1501-
Statistical analysis DQA1*0102-DQB1*0602 haplotype; 3 cases (2 NSHD, 1 non-

Linkage disequilibrium between alleles or haplotypes and HD and, NSHD) had the DQA1*0102 allele in a different haplotype
particular, NSHD was assessed by means of the transmission-disequiibRB1*1600-DQA1*0102-DQB1*0502). Our findings are in agree-
rium test (TDT)?>2'DRB3, DRB4, and DRBS data were treated as a singlthent with those from a case-control study involving 196 nonfamil-
variable, called DRB3-5. Candidate alleles (ie, those with statisticaliy| HD patients, in which a significantly increased risk of NSHD
significant associations with HD in the only previous study of thes\%as associated with the DRB1*1501-DQA1*0102-DQB1*0602
factord® at multiallelic loci were evaluated against all other allele . . s

aplotype but could not be attributed to a single locus within

combined, without adjustment for multiple comparisons. Certain noncandﬁ haol s Unlik | | he TDT is i .
date alleles (ie, those that either were not significantly associated with HI$ e haplotype= Unlike case-control analyses, the IS Insensi

or were not investigated previously) were evaluated with the use of adjusté¢$€ t0 population stratification; thus, the significant findings

significance poinf& if the number of informative transmissions was largedbtained in our study provide important new evidence of linkage
enough to achieve a statistically significant resu<(.05). Meiotic and association.

segregation distortion was evaluated by examining transmission to the The DRB1*1501-DQA1*0102-DQB1*0602 haplotype was ob-

unaffected siblings and half-siblings of the affected members with knowgerved in 16 of 28 HD cases (57.1%) (11 heterozygotes, 5

Pafi“ta' genotypes. o exclud o veis | | homozygotes) and in 14 of the 23 cases (60.9%) with NSHD (9
was necessary 1o exciude one family from analysis 1or one 10Cgyarg7ygotes, 5 homozygotes). Nine of 16 families presented as
(TAP2 1le379Val) because one parent was unavailable, the other parent (% Y9 ’ Y9 ) P

and. : . ; - :
the offspring were heterozygous, and the transmitted allele could not %l[% lng pairs with HD_’ which may !ndlcate a recessive pattern of
determined. Because such exclusion can produce*bies determined the Inheritance or a (_j_om'nant gene with m_Oderate to _IOW penetrgnce.
range of its potential effect by including this family in the analysis assumirigowever, 6 families had HD cases in successive generations,
that the heterozygous parent transmitted (1) the Ile allele to all offspring Hggesting a dominant gene with decreased penetrance in at least a
(2) the Val allele to all offspring. The results were essentially unchangetibset of the families or a frequent recessive gene. The TDT provides
and are not presented. For all other loci, the transmissions within this famifglid results regardless of the mode of inheritance. There was no
were unambiguous. There were 5 other families in which one parent @fidence that affected individuals within families were more likely to
affected member(s) was unavailable, and the transmitted alleles WeJe;a the same HD subtype than unrelated affected individaisg9).
unambiguous for all loci in these families. The affected individuals analyzed in this study were those living at the

To control for potential confounding by other alleles at the locus und . . .
investigation, the TDT was also performed with the exclusion of candida%réne the family was referred to the National Cancer Institute and

alleles at the locus from the analysis. The results were similar to thodgerefore may represent a subset of patients with better survival.
obtained without exclusions and are not presented. Approximately 80% of cases had NSHD, slightly higher than the rate

seen (70%) among whites ovefall.

We observed nonsignificant excesses of the DRB1*1104 allele

nonsignificant deficits of the DRB1*0701 and DQA1*0201 alleles

This study provides evidence that the DRB1*1501-DQA1*0102among all familial HD cases and among the subset of familial
DQB1*0602 haplotype is related to the development of familidlSHD cases (Table 1). Although the number of informative
HD (P = .03), particularly, familial NSHD R = .02) (Table 1). transmissions was limited for these comparisons, our results are
This haplotype was transmitted 72.7% of the time (16 of 22) to a@onsistent with the statistically significant associations found for
affected offspring, while it was transmitted 44% of the time (12 dhese genetic markers by Klitz et'dl.
27) to unaffected siblings. At individual loci, evidence for linkage Among noncandidate alleles, the DQB1*0201 allele was under-
was obtained for DRB1*1501, DQB1*0602, and, for familialrepresented among familial HD casés= .13); the TAP1 allele
NSHD only, DQA1*0102 (Tables 1 and 2). The DRB1, DQB1, an@ncoding lle at residue 333 predisposed to familial HD, particularly

Table 1. Transmission-disequilibrium test results for linkage between familial Hodgkin disease and candidate alleles at HLA class Il and transport er associated
with antigen processing loci, National Cancer Institute, Bethesda, MD, 1978-1993
All familial HD (n = 28) Familial NSHD only (n = 23) Unaffected siblings (n = 40)t
T NT X2 P T NT X2 P T NT X2 P

DRB1

*1501 16 6 4.55 .03 15 5 5.00 .03 12 15 0.33 .57

*1104 6 2 2.00 .16 6 2 2.00 .16 3 2 0.20 .65

*0701 2 6 2.00 .16 2 6 2.00 .16 5 7 0.33 .57
DQA1

*0201 2 6 2.00 .16 2 6 2.00 .16 5 7 0.33 .57
DQB1

*0602 16 6 4.55 .03 16 5 5.76 .02 12 15 0.33 .57
DRB1-DQA1-DQB1

*1501-*0102-*0602 16 6 4.55 .03 16 5 5.76 .02 12 15 0.33 .57

*1104-*0501-*0301 6 2 2.00 .16 6 2 2.00 .16 3 2 0.20 .65

*1400-*0101-*0503 3 1 1.00 .32 1 1 0.00 1.00 2 5 1.29 .26

Candidate alleles are those for which statistically significant associations with sporadic Hodgkin disease were reported by Klitz et al.16
T indicates number of transmitted alleles; NT, number of nontransmitted alleles; HD, Hodgkin disease; and NSHD, nodular sclerosis Hodgkin disease.
TIncludes full siblings and half siblings of HD patients.
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Table 2. Transmission-disequilibrium test results for linkage between familial Hodgkin disease and noncandidate alleles at HLA class Il and transp orter
associated with antigen processing loci, National Cancer Institute, Bethesda, MD, 1978-1993
All familial HD (n = 28) Familial NSHD only (n = 23) Unaffected siblings (n = 40)1
T NT X2 Pt T NT X2 Pt T NT X2 Pt

DRB1

*0301 1 6 3.57 .24 — — — — 7 9 0.25 —

*0401 5 4 0.11 — 3 4 0.14 > .99 11 5 2.25 .53

*1300 3 6 1.00 — 3 4 0.14 > .99 5 3 0.50 —_

All otherst 36 29 — — 32 30 — — 13 14 — —

Total 45 45 4.07 .25 38 38 0.23 97 64 64 2.27 .52
DQA1

*0101 5 7 0.33 — 1 7 4.50 — 7 8 0.07 —

*0102 19 9 3.57 .29 19 5 8.17 .02 18 20 0.11 —

*0301 5 5 0.00 — 3 5 0.50 — 8 6 0.29 > .99

*0501 11 12 0.04 — 10 9 0.05 — 14 13 0.04 —

All otherst 3 10 — — 3 10 — — 9 9 — —

Total 43 43 6.17 19 36 36 13.59 .01 56 56 0.41 .98
DQB1

*201 3 11 457 13 3 8 2.27 .53 9 13 0.73 —

*0301 10 6 1.00 — 7 6 0.08 — 11 6 1.47 .90

*0302 2 5 1.29 — 2 5 1.29 — 7 4 0.82 —

All otherst 25 18 — — 21 14 — — 26 30 — —

Total 40 40 6.00 A1 33 33 3.78 .29 53 53 2.48 .48
DRB1-DQA1-DQB1

*0301-*0501-*0201 1 6 3.57 .18 — — — — 7 9 0.25 —

*0701-*0201-*0201 2 5 1.29 — 2 5 1.29 77 4 6 0.40 > .99

All otherst 42 34 — — 36 33 — — 46 42 — —

Total 45 45 3.80 .15 38 38 0.71 .70 57 57 0.55 .76
DRB3-5

DRB3*0101 2 6 2.00 — — — — — 4 10 2.57 .54

DRB3*0202 7 5 0.33 — 5 5 0.00 — 8 5 0.69 —

DRB4*0101 7 13 1.80 — 5 13 3.56 — 16 13 0.31 —

DRB5*0101 16 6 455 .16 16 5 5.76 .08 12 15 0.33 —

All otherst 5 7 — — 5 8 — — 11 8 — —

Total 37 37 7.20 13 31 31 7.51 A1 51 51 3.50 .48
TAP1 lle333Val

lle 14 6 3.20 .07 12 3 5.40 .02 15 13 0.14 71
TAP1 Asp637Gly

Asp 7 6 0.08 .78 5 4 0.11 74 14 7 2.33 13
TAP2 lle379Val

lle 5 5 0.00 > .99 3 5 0.50 48 9 3 3.00 .08
TAP2 Ala665Thr

Ala 5 4 0.11 74 3 4 0.14 71 5 7 0.33 .57

Noncandidate alleles either were not significantly associated with sporadic Hodgkin disease or were not evaluated in the study by Klitz et al.1®

TAP indicates transporter associated with antigen processing. Other abbreviations are explained in Table 1.

flincludes full siblings and half siblings of HD patients.

tSignificance points for x2,.; distribution for all alleles (“Total”) at a locus tested simultaneously, and for a x?; distribution for the largest component with the use of Pvalues
adjusted by the method of Bonferroni.

FAll others include candidate alleles, alleles without power to test, and uninformative typings, which were grouped into a single category.

familial NSHD (P = .02); and the DRB5*0101 allele was transmit-of HD patients (Tables 1, 2). Taken together, the results of this

ted more often than expected, particularly in familial NSHBtudy and those of Klitz et ®lprovide evidence that the DRB1*1501

(P =.08) (Table 2). However, the DRB5*0101 allele alwaysand DQB1*0602 alleles, or loci in linkage disequilibrium with

cosegregated with the DRB1*1501-DQA1*0102-DQB1*0602 hapthem, confer risk for the development or, perhaps, survival of both

lotype. Also, evidence for linkage disequilibrium between familiagporadic and familial HD.

NSHD and TAP1 lle333Val was limited to the subset of transmis-

sions in which the TAP1 lle allele cosegregated with the

DRB1*1501-DQA1*0102-DQB1*0602 haplotype and the

DRB5*0101 allele. Thus, we cannot resolve whether the 3 markeﬁmknowledgments

that demonstrated linkage disequilibrium with familial NSHD (ie,

the DRB1*1501-DQA1*0102-DQB1*0602 haplotype, the TAP1The authors would like to thank the participating families for their

lle allele, and the DRB5*0101 allele) represent more than orgenerosity and cooperation; Drs Richard Spielman and Warren

independent susceptibility locus. Ewens for helpful comments regarding implementation of the
There was no evidence for preferential transmission of partichbT; and Jean Whitehouse, RN, Jennifer Hipkins, RN, and Mary

lar alleles or haplotypes to the unaffected siblings and half siblingss Buranosky, RN, for clinical assistance.
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